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weather pattern. In February, the US 
National Oceanic and Atmospheric 
Administration (NOAA) warned in its 
routine forecasts that the bleaching 
observed in the Pacific last year 
may be the start of a third global 
catastrophe for coral reefs. And 
this time, it cannot be blamed on El 
Niño. It is simply down to the general 
warming of the oceans, which in 
2014 reached the highest average 
temperature ever recorded.
In addition to suffering from the 
heat, corals are also susceptible to 
ocean acidification, although it is not 
clear yet how well they will cope with 
these stress factors in the long term.
Fish are also adapted to constant 
environment temperatures, but when 
their habitat gets warmer, they can 
easily migrate to find waters with 
their preferred temperature. That is 
what Ignasi Montero-Serra at the 
University of Barcelona and colleagues 
observed in a recent study based on 
comprehensive analyses of 57,000 
fish censuses from 40 years and new 
modelling of temperature responses 
(Glob. Change Biol. (2015) 21, 144–153). 
Water temperatures in the North 
Atlantic have increased by up to 1.3ºC 
since the 1980s. The researchers 
found that this has had a direct 
effect on the distribution of small fish 
species. The North Sea, for instance, 
has seen a rise in subtropical species 
like sardines and anchovies, and a 
loss of native species like herring 
and sprat. Fish stocks moving in 
response to climate change will have 
knock-on effects both on their natural 
predators and on coastal communities 
depending on fisheries. 
Ocean warming and acidification, 
just like plastic pollution (Curr. Biol. 
(2015) 25, R93–R96) and fertiliser run-
offs, are problems that we produce on 
land, but which affect the ecological 
function of the oceans most. In return, 
ocean dysfunction can severely 
disrupt climate and food security on 
land. The simultaneous presence of 
land and open sea is what makes 
our planet uniquely life-supporting 
among all the planets we know so far. 
How to live within this natural balance 
without destroying it is something we 
urgently need to figure out if we want 
to continue enjoying the perks of living 
on an ocean planet. 
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What drew you to your specific field 
of research? Chance, mostly. The first 
opportunities I had were in ecology 
and evolution. But I also think I’d find 
professional fulfillment in other fields 
of science and scholarship more 
generally. I love what I do, but am also 
aware that there are many other fields 
in which I’d find delight. 
If you had to choose a different field, 
what would it be? Maybe history, or 
anthropology. Biochemistry intrigues 
me right now. I’m finally in that phase 
of my career when I’m realizing that 
my college chemistry professors were 
right when they told me that I would 
wish, someday, that I had taken more 
chemistry. I’m fascinated by alkaloids 
at the moment and don’t know quite 
enough about them to make full 
sense of what I am reading about 
them. 
Do you have a scientific hero? I’m 
partial to JBS Haldane, though ‘hero’ 
is the wrong word. I guess what I 
probably have is a list of scientists 
whose creative abilities I find 
either marvelous, enviable or both: 
Haldane, W.D. Hamilton, E.O. Wilson, 
Loren Eiseley, Dobzhansky. But all 
of these folks also had failings. That 
they are human, like the rest of us, is 
what makes them fascinating even if 
not heroes in the simplest sense of 
the word.
Q & AWhich historical scientist would you 
like to meet and what would you ask 
them? I’ve been writing about the 
human heart a lot lately, and in the 
story of the human heart Leonardo Da 
Vinci did a great deal of amazing work, 
but just what exactly he did or didn’t 
figure out has never been very well 
resolved. He figured out stories about 
heart valves and atherosclerosis that 
would not be well understood again 
until the 1900s, because his scientific 
discoveries were basically lost for 
centuries. What else did he figure out? 
I’d like a long dinner with Da Vinci to 
sort out what he knew and then also 
to see if he could figure out answers to 
some of the great mysteries now. Along 
those lines, I’d love to go to dinner with 
Galen, the Roman physician-scientist. 
Or Antonie van Leeuwenhoek. He 
would be fantastic! He studied belly-
button biodiversity before belly-button 
biodiversity was cool. 
Do you have a favourite paper or 
science book? There is a book on my 
shelf at home about some of the great 
early field adventures. In it are copies 
of some of Henry Walter Bates’s field 
notes from the Amazon. Those of 
Alfred Russell Wallace too. I love that 
book, as it tells the stories of some 
of the great early attempts to lay hold 
of the world but then through those 
images it also shows the madness 
of coming to terms with the world’s 
diversity, an unfathomable diversity 
that led Bates and Wallace both to 
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valiantly to understand. 
What is the best advice you’ve been 
given? I’m going to rephrase a little, 
but in essence it was to make sure 
you are spending time doing work at 
the nexus of what you are best at and 
what you most enjoy. That sounds 
cheesy, but most of us spend a lot 
of time doing something that other 
people are better at and/or enjoy more. 
If you hadn’t made it as a scientist, 
what would you have become? Well, 
right now I sort of have two jobs, as a 
scientist and as a writer. My hope is 
that in addition to these that I still get a 
chance to become more than one thing 
over time, but if we are rewinding the 
tape all the way, maybe a sculptor. 
What has been your biggest 
mistake? Off and on I’ve spent too 
much time studying boring things 
that were interesting to the cultural 
group I was in (tropical ecologists, 
for instance) but that seem less 
interesting with the benefit of more 
perspective. Other times, I’ve focused  
too much on the question in front 
of me and not noticed the context. I 
spent a lot of time in Bolivia studying 
forest regeneration and failed to 
record many things that I now know 
no one has ever studied. Those are 
mistake of misspent time. I think I’ve 
also made mistakes in terms of how 
best to help people to become the 
scientists or professionals they want 
to be. 
It is easy to fail in terms of training 
others, particularly early in your career 
when you don’t know how anything 
works yourself. It is hard sometimes to 
know what the right advice is or how 
to best guide someone into being as 
great as they would like to be. Then 
there are missed opportunities. People 
I failed to learn from. Potential friends 
I failed to get to know when I might 
have. Also, a friend once convinced 
me to hand a stone to a monkey at a 
zoo in Ecuador. The monkey looked 
at the stone and then chucked it full 
force back through the bars at my 
head. It hit hard. I regret giving the 
monkey the stone. 
What is your favourite conference? 
I don’t usually go to conferences 
except those in fields very different 
from my own. Recently, I’ve been to 
conferences on surgical infections, astrobiology, and writing novels. They 
were all fun. 
What is your greatest research 
ambition? I guess my ‘great’ ambitions 
have more to do with the other parts, 
for instance my writing, than with my 
science. On the science side there are 
lots of fun things I’d like to figure out: 
the ecology of the human skin and 
how it has evolved; the evolutionary 
history of the species that live with 
us in our houses. A framework for 
thinking about how urban ecosystems 
work based on human food subsidies. 
Stuff like that. But if I never did any of 
those things, I’d still be a happy man. 
I guess what I’d really like to have 
done when the gong sounds is to write 
beautiful, compelling books that help 
people to engage with science in a 
world still filled with unnamed species, 
mystery and an increasing number 
of challenges that demand scientific 
literacy. 
Do you feel a push towards more 
applied science? How does that 
affect your own work? I feel pushed 
in two directions, away from one set 
of questions and towards another. 
What I feel pushed away from is basic 
science masquerading as application, 
for instance, studies of biodiversity 
gradients that pretend to have some 
relevance to conservation, but 
don’t really; or studies of the future 
distribution of species in light of 
climate change, studies with species 
distribution models that no one 
really believes will ever be useful in 
conservation planning. We modeled 
the future distribution of all ant 
species in North America, for instance, 
but never published it because I’m not 
convinced of what it really tells us. In 
being pushed away from this kind of 
work, I feel pushed toward very basic 
work, but basic work done with the 
practical challenges in mind. 
Do you believe there is a need for 
more crosstalk between biological 
disciplines? I live on the crosstalk. 
It makes my brain vibrate and hum 
and function. All of the good ideas, if 
I’ve had some, have come from going 
across fields. Maybe that isn’t fully 
true, but it is how I feel, emotionally, 
about my science.
What do you think about post-
publication peer-review of papers? 
I think it is fine. I like science to be open, for the public and other 
scientists to see the dirty bits, though 
also the tedious ones, and how 
damn hard it can be to figure out the 
world, how fish-like and slippery new 
knowledge can be. I guess my sense 
is that the real review is what happens 
over decades and generations, the 
time interval during which posterity’s 
review of science winnows away 
much of what scientists believe to be 
sexy but does not actually advance 
knowledge very much. Much of what 
gets people promotions and grants 
today won’t seem very interesting in a 
decade or a century. 
What do you think of the role of social 
media in science, for example, the role 
of science blogs in critiquing published 
papers? I find great value in the role 
of writers in contextualizing papers. 
Writers and scientists from other fields 
can sometimes better frame what a 
result means than the researchers 
themselves. The more atomized 
science becomes, the more value this 
contextualization offers. But here I’ve 
carefully chosen the word contextualize 
rather than critique. I’m wary of the blog 
critique in as much as it is boundless 
and subject to a meanness without 
responsibility. Science bloggers have 
the power to say things on the internet 
they would not say in person. So, of 
course, do reviewers, but reviewers 
do not have an audience and do not 
get egged on by their colleagues. 
Bloggers sometimes do.
Which aspect of science would you 
wish the general public knew more 
about? What scientists find beautiful. 
How illusive answers can be. How 
hard-fought boring results sometimes 
are. How we evaluate progress and 
truths. The things we see on the 
horizon as possibilities but can’t yet 
discern well. The extent to which 
scientists are human, and so their 
successes and choices reflect both 
the endeavor of science but also the 
great and difficult daily aspects of love, 
marriage, parenting and all the rest. 
What do you think are the big 
questions to be answered next in 
your field? I guess I, more and more, 
feel as though ‘big questions’ are 
bullshit — a social construction that 
as scientists we have learned to 
value. In ecology, for instance, one of 
the ‘big’ old questions is what drives 
the latitudinal diversity gradient. A 
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 thousand papers and grants begin 
with the assertion that this is a big 
question in need of resolution. But 
we’ve been working on this question 
for a hundred years and are (from my 
perspective) no closer than we were 
a hundred years ago to a consensus 
as the resolution of this ‘big question’. 
I don’t think that there are many big 
discoveries in the history of biology 
where, if you look back at them you 
could say the scientists who made 
the discovery were addressing a 
big question. It seems like far more 
often the big discoveries come from 
knowing some organism or feature 
of an organism really well and then 
combining that deep knowledge 
and inquiry with some insight that 
spans fields. My guess is that the 
next big discovery is far more likely 
to come from someone studying, say, 
the behavior of squirrel sperm, than 
gunning for the next big question. 
If you could ask an omniscient higher 
being a scientific question, what 
would it be? I’d like to know about 
the dimensions of life. How small it 
gets, how deep in the Earth. Where 
else in the universe life exists. The 
most unusual organisms we have 
yet to detect, or the most unlikely 
biology. I’d like to see a cabinet of 
curiosities compiled by someone who 
knew where the best stuff was kept. 
I guess I’d also like to know if there 
are rules by which life or existence 
more generally works that we are still 
missing. We’ve got natural selection. 
We have the laws and regularities 
of ecology. We have genetics and 
epigenetics. But surely we are 
missing something. What is it that 
we are missing? There are also the 
practical concerns as well. Most of the 
challenges society faces need to be 
resolved with better education, better 
policies and better collective decisions, 
not necessarily more or newer science. 
But in those places where more or 
newer science is needed, what are the 
critical insights. Where, for example, 
are the new antibiotics? The new 
medicines? Which species should we 
be studying to best help humanity. The 
answer is almost certainly not mice, 
rats, and fruit flies though I’d love to 
hear as much from someone who 
could see it all. 
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Without assuming any prior 
knowledge of neurons, sense 
organs or neural communication, 
Jennifer Groh succeeds in 
explaining the fundamental 
problems faced by the brain in 
deciphering all things spatial in her 
new book Making Space: How the 
Brain Knows Where Things Are. 
How does the brain work out what 
things are and where they, and 
we, are? By deliberately avoiding 
obfuscatory technical language 
and through clever use of analogy, 
Groh opens up this tricky subject 
to the layperson. Indeed, this 
enjoyable book has something to 
offer every reader, including those 
with a grounding in neuroscience. 
Concepts are presented faithfully 
with clarity and wit, and although 
easy to digest, they are not 
oversimplified. The book is primarily 
about the brain making sense of 
space, but there is a surprise package
at the end. Here, Groh throws caution 
to the wind and openly speculates 
about the even more mysterious brain
function of abstract thinking. Could 
it be, she asks, that this mysterious 
process somehow utilises the neural 
building blocks used for spatial 
analyses? In the same easy-to-read 
style as the more mainstream bulk of 
the book, Groh makes a compelling 
case.
To achieve all of this, Groh has 
to cover a lot of ground, but it 
never feels dry or heavy going. This 
accomplishment is partly down to 
the skilful way the need-to-know 
neuro-facts are inserted between 
fascinating stories. Some of these 
are historical stories that describe 
the way ideas have changed and 
developed over millennia. For 
instance, we learn that the ancient 
Greeks were unable to agree on 
the fundamental issue of whether 
Book reviewthe eyes see by emitting or by 
receiving material, a conundrum that 
apparently was not resolved until the 
11th century. Some of these stories 
reflect on key and often surprising 
experiments, such as getting ants 
to walk on stilts to see if they use a 
form of step-counting to navigate 
home, which it seems they do. 
Other stories describe intriguing 
brain phenomena, such as single 
neurons in the human hippocampus 
that respond to pictures as well as 
names of specific individuals. We 
are reliably informed that one such 
neuron was found to respond to a 
variety of photographs of the actress 
Jennifer Aniston as long as her 
ex-partner Brad Pitt was not in the 
scene!
A good part of the book is 
spent on the nature of the sensory 
signals that the brain uses as its 
raw material — signals that come 
from the eyes, ears and skin, 
which tell the brain about things 
outside the body, and signals that 
arise from sensors in muscles and 
balance organs, which tell about 
body movements and body shape. 
Because the brain relies heavily on 
visual information when analysing 
what things are, Groh pays a lot 
of attention to this sense, and 
describes how the visual system is 
organised to determine boundaries 
between things. To do this, she 
discusses the optics of the eye, the 
remarkable cascade of events that 
occur to transfer light energy into 
meaningful neural signals, and the 
subsequent neural processing that 
goes on at the back of the eye and 
beyond. 
When analysing where things are, 
it is explained how the brain uses 
 
 
